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The object of this paper is to attempt if possible the removal of the am
biguities existing in regard to the use of ratios as expressing the scales of

maps and decrees of slopes.

Mathematical authorities are by no means agreed concerning the deliiii-

tion of the term ratio. They all maintain that it is an expression for the

relation existing between two quantities, but differ in the manner of deter

mining the value of this relation ; some, as Peek, Davie-, Robinson and

others, divide the second quantity or consequent by the tirs; or au'ec-dcnt
;

sonic, as JIutton, Alsop, Ray and others, divide the first by the second

quantity, and still a third class, as Chauvenet and Others, define it as being

the quotient obtained by dividing one quantity by another. It may there-

fore be cither | or $g 2,000,01)1). or

The same confusion is found to exist in designating the taps

and drawings. Some publishers and engineers givinu" if as so many miles,

or other denomination, to the inch ; others, as so many inches to the mile.

Auain in expressing slopes many authorities use the tang, of the angle

made with the horizon, that is the height divided by the base (*) while

others use tin; co-tarn;-, or —

.

Now if we consider the manner of obtaining the value of the ratio in a

(icometrieal Series or progression where no ambiguity exists, we find that

as each subsequent term is obtained from its predecessor by multiplying

by a constant factor ealled the ratio, so to obtain this factor or ratio we
must necessarily divide any term by the preceding one, and as this is the

only way in which its value can lie determined, it establishes a rule which
should be made to apply to all other cases.

Weshould then define a ratio as being the expression for tin ralt/e of the

relation, e.n'sti /></ between tiro quantities, and as obtained by (Uridine/ the,

SKI'UMI bj) the K1KST.

The query then arises as to which quantity should lie considered the first

and which the second, and we answer that the ;/ir, n material object to be

represented by the map or drawing is the I'n.it or measure with which the

other is to be compared. The map or drawing may be made of any con-

venient size, but the object to be represented is already fixed or constant

in its dimensions, and hence, as the unit or standard of comparison, should

be made the dirixor, or denominator of the quantity expressing the ratio
;

it is consequently the antecedent or first quantity. To illustrate, let it be

required to determine the ratio between a map and its original in nature.

The tract to be delineated in miniature is the fixed object, invariable in

size, which is to be compared with the plot representing it, and which may
be made larger or smaller according to circumstances, hence it become the

unit of comparison, and is the antecedent or first quantity, and as such the

denominator of the fraction expressing the ratio. The formula will then be:
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Field : Plot = —
. P and F being always reduced to the aame deno-

mination.

Thus a scale of V_'
X( ,

is 5280 ft. of field to 1' of map or one mile to 1 ft.

=A °f a taXle to !"» aQd not 1-" to 1 mil e

It is evidently incorrect therefore to indicate the scales of maps as so

many inches to a mile as is frequently done. Take the case of the recent

Geological maps of one of our sister states said to be plotted on a scale of

3" to 1 "-or 3" to 63,360" = ^p- -21,120 that is to say the map is

21.120 times larger than the state itself a manifest absurdity resulting from

considering the map as the first quantity or standard rather than the field

itself.

In such cases errors of interpretation can scarcely arise as the intention

evident, hut there are numerous others that may lead to misconstruc-

tion, as where the drawings of small objects are nearly of the same size as

the things represented —thus a scale of £" to 1" would confuse a mechanic

unless he happened to know which was the larger, the object or the drawing.

the expression J" to 1' is likewise incorrect as it is the reciprocal of

the ratio intended— the inches evidently referring to the drawing and the

foot to the object. As it stands, applying the definition of ratio as deduced,

it will be equal to 12 :

J
= 48, making the drawing -18 times the size of

the model —it should be 1' to

If it be remembered that the antecedent always refers to the given object

and tlic, consequent to the drawing, no difficulty ean arise. It will always

happen then that if the drawing is on a smaller scale than the thing deline-

ated, the ratio will be a proper fraction : if larger, an improper fraction,

and if equal the value will be unity, or |.

It is hardly necessary to call attention to the fact that the number of

scale- in use is practically infinite, and that serious inconvenience results

therefrom to Engineers and Surveyors whose work extends over several

counties or states, making it frequently necessary to re draw large sections

of country. In compiling atlases it is the practice of publishers to vary

the scales according to the amount of territory to be represented that the

sheet may be tilled up, bu! nothing is gained thereby since the scale used

for the greatest area to lie represented will show with equal clearness all

the l' any other area. M >reover the eye becomes accustomed to

estimating distances on the maps, with Bufficienl accuracy for a roconnaia

6, When the scale is uniform, but when variable it leads to great con

fusion, aid especially when il><' publisher has neglected to indicate the

tmetimes happens.

li i- rery desirable to establish, If possible either by recommendations

icieties or by general laws, some conventional scales lor maps

a state of medium area u N F. or Penna. for the

unit, and nvenlonl size sheet of paper, sa\ i :; it..

would require :i seal,- ol thi used by the V. s. Coast

eral charts and reconnaisance, but too small for most other

purposes, I
could be plotted on the same scale by dissecting
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them. Foreign countries conducting Geodetic Surveys have adopted such

a system. In Prussia, Austria and Switzerland the plane table sheet art-

plotted on a scale of jjfafTf. In Italy the field work is plotted on a BCale

°f to ion. *nd in Sweden nnfotni- The older British charts and maps were

made on a scale of 1 m
- to 1"

i and the later maps of 1
'" to 6" or

,

„.'

,

iH , but these latter, while not being large enough to show parish bound-

aries with sufficient accuracy, require about six times the amount of labor

in their preparation and are inconvenient. The scale used by Prussia

and Switzerland for general maps is inftau> or one f° urtu tr,at ()t ,U( -'

detail sheds obtained from the plane table Surveys.

Populous; cultivated and mineral districts in Great Britain are plotted on

B scale of '

(H1 1
m to 26.844", partially cultivated and thinly settled dis-

tricts, on a scale of 1 "'• to 6" For the plans of cities of over 4000

inhabitants a scale of -,,',,, 0T 1 '" to 10.56 feel Is used, and for towns and

villages
1( ; or 1 '" -to 5 ft. is genera).

Xmneroiis other instances might be cited showing the great variety of

scales in use, but these will suffice. It is evident that in Government or

State Surveys some sy-tcmatic connection may readily be established be-

tween the several scales used, and it is very desirable that this uniformity

of scale be made more general. The scale adopted should be just large

enough to show clearly all necessary detail. Anything more than this is

a wasteful expenditure of time and money.
For general maps of States showing intercommunications, a scale of

.,, will be found sufficiently large.

For maps of counties, in totO, a scale i ill enable all necessary

features to be clearly represented ; this scale applied to Lycoming Co., the

largest in Peuna.. would require a map (4 X4J ft. For townships the

scale of ..

}

is quite large enough, and furnishes an admirable size for

the projection of Geological data.

For cities, towns and villages some decimal, sub- multiples of the above
scales should he used.

Cadastral maps of farms, parks or estates may be plotted on scales of

etc.

In indicating the degrees of slopes or the hater of retaining walls, the

natural tah gen 1 of the angle which the slope makes with the horizon

should invariably be used.

To save time in determining the relative values of some of the most im-

portant scales in use, and to aid in introducing the metric system of lengths, I

have with the assistance of Messrs. Win, M. Potts and J. W. VanOsten, Jr.,

prepared the accompanying tables of equivalents. The first, gives the

number of Miles, Kilometers, Poles, Chains, Yards, Meters and Feet of

territory which are equivalent to one inch of map for any given scale.

The second, is the reciprocal of the first, and states the amount of map sur-

face which would be covered bv any one or more of the above units, for

any scale.

PROC. A.MKK. PHILOS. BOC. XVIII. 102. G. PRINTED DEC. 26, 1878.
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Table of Map Equivalent* giving for each

No. Scale. Miles Kilometers. ( liuins, I'oles,
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JO. 000
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15.7828
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10.0221

10.

9.4690

8.

7.8914
6.8181

6.

.V.US-,

.-).

4.7348

8.15656

8.

2.86742

1.89898

L.2628

L.2WH)

1.81212

1.

0.94886
0.9875
0.7891 I

0.68181

0.68188
(i 6060
0.6000

0.47848

0. 1000

81565

186.6821
53.1078
32.18668
80:4791

85.7468

25.8982
20.5994

19.8129

16.1286

i

10.09329

16.2898
12.87468
12.6996
10.1597

9.66S87

9.6988
6.04664

7.91892
6.0957G
:> .ii Tits:,

B7986

4.0688
8.80496
8.21866
8.05784

9.08998
(819

2.01166
1.9004

1.6098

1.68892

L.608787

1.26998
l.oi.v.t

1.0068

1.

ii 91

9.9658
0.88148
0.70 111

0.64878
0.8

0.60849

8.0

'.".ID

g i

9280.0000
0040.000
1000.000
1515. 15

1280.00

1201.62
1024.00
900.00

801.768
800.00

757.575

640.00
681.818
505.050

I SO. 00

478,48
400.60

3.78

803.03
252.525

240.00
202.02

189.89
100.00
1.-. 1.51

5

120.20

101.01

100.00

00.007
sunn

75.75

ro.00

88.181
50.50
50.0

19,7104
is. is I

47.925
42.666

BT.8787

82.000

81.6666
89.

96 666

37120.0000
1050000
0400.00
6000.60
5120.00

5040.50
4090.00
3840.00
3207.07
J5200.00

3030.30
2360.00
2525.25

2020.20
1920.00

iso;?. 92
1000.00
1515.15

1212.12
1010.10

960.00
808. OS

757.57

640.0
606.06

505.05

404.04
400.00

387.87

880.00

808.08
800.

252.52
202.02

200.0

198.88

198.98
101.70

170.66

191.46

L 28.000
126.268
120 (»00

106. 666
101.0101

100.
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lineal inch of Map, the following number of

No.
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Table of Map Equivalent* giving for each
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A Reciprocal Table of Map Equivalents showing the number of inches of

\m.
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Map and parts thereof, of the various scales now in use, which reprex* /a

So.
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A Reciprocal Table of Map Equivalents showing the number of inches of
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Map and parts thereof, of the various scales now in use, which represent

No.


